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INTRODUCTION

Following mapping of slow-moving landslides on the east side of Manoa
Valley (Baum and others, 1989) we began a detailed investigation of the Alani-
Paty landslide (fig. 1) in order to understand the physical processes active in it
and similar landslides on Oahu. We have compiled observations and
measurements collected during the first 8 months (from September 1989
through April 1990) of our investigation in order to make these basic data
available to all parties that have interest in the landslide. The following brief
summary highlights our preliminary observations of the depth, composition,
and behavior of the Alani-Paty landslide, as well as the behavior of subsurface
water. Five appendices containing logs of borings, laboratory test results,
estimates of depth of the landslide, and graphs of subsurface water conditions,
daily precipitation, and displacement follow the summary. Each appendix is
preceded by a few paragraphs that describe the methods used to obtain the
data.

SUMMARY OF MEASUREMENTS AND OBSERVATIONS

Subsurface exploration and laboratory testing -- The landslide material,
as sampled by means of borings (fig. 2), consists of about 20 to 50 percent
boulder-, cobble- and gravel-sized clasts of weathered basalt in a fine-grained
matrix (Appendix A). The matrix is brown to gray, sandy to slightly sandy,
highly plastic, clayey silt interlayered with dark brown to gray, highly plastic
silty clay. At the time of drilling, most matrix material within the landslide
was wetter than its plastic limit, while much of the material beneath the
landslide (deeper than about 30 ft) was drier than its plastic limit.

Laboratory testing of several specimens (Appendix B) indicates that the
matrix material has high plasticity and low residual shear strength. Plastic
limits range from 29 to 54, and Liquid limits range from 59 to 137. The matrix
contains roughly 50-75 percent clay, 10-30 percent silt, and 5-25 percent sand.
Specimens that are rich in clay and have high liquid limits have residual
strength parameters in the following ranges: friction angle from 6 to 11°,

with cohesion intercepts from 0 to 217 Ibf/fi2. One specimen having a
relatively low clay content (48 percent) and low liquid limit (59) had a higher
residual strength, characterized by a friction angle of 25° and cohesion

intercept of 231 Ibf/fi2.

Most of the matrix material has no recognizable structure at the scale of
the cores. However, some of the clay (called fissured clay in the logs,
Appendix A) from depths greater than 20 ft crumbles into shiny flakes and
blocks from 1/8 in. to 1/2 in. across. Slickensided shear surfaces were present
in samples from several borings. The shear surfaces were from a variety of
depths, and some of the shear surfaces were from different depths than the
basal slip surface of the landslide.

Depth_of the landslide -- The landslide is approximately 20 to 25 ft deep
(Appendix C) in the vicinity of its head, at the hairpin-curve intersection of
Alani Drive and Paty Drive and between the extension of Paty Drive and
Kahaloa Place (fig. 2). Between Kahaloa Place and Lono Place, thickness of
the landslide ranges from about 25 ft to perhaps 33 ft.
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r ntati -- Instrumentation was installed at the surface of the
landslide and in borings in order to measure rainfall, displacement, depth of
the landslide, and ground-water levels. Surface instrumentation (fig. 2)
consisted of rain gauges and an extensometer (for measuring displacement).
Bore-hole instrumentation consisted of anchored cables for measuring
displacement and open-tube piezometers for measuring water levels. Three
borings each were cased for inclinometer and neutron-probe measurements.
Rainfall observations are compiled in Appendix D and summarized below.
Measurements of displacement are compiled in Appendix E. Difficulties
resulting from materials at the site and from installation of the casing made
the neutron probe ineffective for monitoring soil-moisture conditions.
Displacement of the landslide since installation of the anchored cables has
been insufficient (less than the diameter of a boring) to pull the cables down
the hole a measurable amount. Consequently, no data from neutron-probe
measurements or measurement of the cables are included in this report. The
data collected from our piezometer and inclinometer measurements are
compiled in Appendix C.

infall and movemen he landslide -- Rainfall for the period from
September 26, 1989, to April 24, 1990, totaled 44 in. at the head of the landslide.
Most of this fell during October 1989 and January, February, and March 1990.
Surface displacement (at the headscarp, fig. 2) from September through April
totaled approximately 0.3 ft, and much of the displacement occurred during
and after storms (Appendix E). Approximately 0.05 ft of movement occurred
during and after a storm on October 3, 1989. Also, 0.1 ft of movement occurred
from January 15 to 19, during and after a storm that lasted from January 14 to
18, 1990. An additional 0.1 ft of movement was recorded a few days later, from
January 23 to 29, 1990. The nature of this additional movement is uncertain;
our recorder appeared to have been disturbed during this time but tape and
level surveys indicate that cumulative displacement at the extensometer site
from September 13 to April 27 was slightly greater than that recorded by the
extensometer (Appendix E). Creeping movements between storms account for
the remaining displacement.

Crude measurements indicate that the head of the landslide moved
approximately 1 ft between April 1989 and April 1990. Most of this movement
must have occurred before our extensometer was put into operation.

round-water nditions -- Several trends are obvious in the ground-
water observations. Water levels in several piezometers (in borings 1, 8, 9, 20
and 100) upslope from Kahaloa Place (fig. 2 and Appendix C) increased and
then gradually retumned to normal within a few days of the rainy period of
January 14-18 as well as the rainy period of February 24 to March 1. Increases
in water levels during January ranged from 1 to 10 ft. Water levels in most
piezometers (except 16) downslope from Kahaloa Place changed
insignificantly during and after storms. Water levels in piezometers at
shallow and intermediate depths downslope from Kahaloa Place (borings 3, 4,
5, 13, 14, 16, 19, and 19x) have generally been steady since shortly after
installation. Deep piezometers in borings 3 and 9 and the intermediate
piezometer in boring 16 showed steadily declining or steadily increasing water
levels, indicating that the water levels in these piezometers had not yet



reached equilibrium with their surroundings. Many of the deep (30-40 ft)
piezometers are always dry (see table Cl1 in Appendix C).
/

Displacement in_ar i m ndaries of the landslide --
Inclinometer measurements were made in two locations (borings 10 and 15, see
fig. 2 and Appendix C) where incipient movement was suspected (Baum and
others, 1989) and in one place (boring 6) that appears to be stable ground
between the Hulu-Woolsey and Alani-Paty landslides. The inclinometer in
Boring 15 indicates sliding occurred at a depth of 26 ft during January 1990.
Thus far, borings 6 and 10 have shown only small random deflections but no
unequivocal evidence of sliding.
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APPENDIX A
Subsurface Exploration

This appendix contains logs of borings made in the study area and an
explanation of symbols used in the logs (figs. Al, ..., A20). The logs describe
the materials encountered in the borings, indicate where samples were taken,
and show graphically the moisture content and penetration resistance of the
materials. Boundaries between different materials indicated in the logs are
located only approximately. Boring and sampling operations were performed
by Geolabs-Hawaii, under contract with the City and County of Honolulu,
Department of Public Works. We observed drilling, wrapped samples for
storage, and recorded our observations. We kept records in the field of the
progress of drilling, sample intervals, penetration resistance, materials
encountered, locations of moisture samples, and so forth. Later, in the
laboratory, we examined and described the samples in greater detail. The
finished logs were constructed by combining information from our laboratory
examinations with the data in our field logs.

Personnel from the City and County of Honolulu determined the surface
elevations of most borings by leveling. USGS personnel extended the
City/County surveys to most of the remaining borings. The surveyed
elevations reported here have been rounded to the nearest 0.1 ft. We estimated
elevations of the few borings that had not been surveyed using a topographic
map made by R.M. Towill Corp. for STV/Lyon Associates.

All samples were collected either by driving a ring sampler or by coring
with a diamond bit. The ring sampler was driven by the blows of a 140-1b
hammer falling 30 in. Penetration resistance is reported as the number of
blows required to drive the ring sampler through the last 12 in. of an 18-in.
run. Where sample runs were shorter than 18 in., the penetration resistance
is reported as the number of blows required to drive the sampler over the
shorter interval. For example, 50:0.3' indicates that 50 blows were required to
drive the sampler 0.3 ft.



Explanation of symbols used in logs of borings

Ring sample, approximately 2-1/4
I inches in diameter

:[ NX-size core

== Clay or silty clay

Sandy clay or sandy silty clay

Clayey silt or mixture of clayey silt and
silty clay

Sandy clayey silt or mixture of sandy
clayey silt and sandy silty clay

Basalt (bedrock)

Gravel and cobble sized clasts of
weathered basalt (boulders
represented by larger ovals)

000

Figure Al



LOG OF BORING BORING 1 Surface Elevation 288.6 ft

@ Blows per foot Sample Depth (feet)
@ Moisture content L ithologic symbol
50 40 30 20 10 0 SOIL DESCRIPTION uscC
o B'rown, sandy, clayey siit with grave‘l- and cobble- | MH
&l1605 o sized clasts of weathered basalt. Fill.
64%
L 4
/e
10:0.0'
Boulder MH
Brown, sandy, clayey silt and silty clay with
gravel-, cobble-, and boulder-sized clasts of
L 2 weathered basalt; moist, stiff.
50.0.7 i@
o *
w?0:0.0'
50:0.3'
100:0.6' o
q Core recovery
100%
Boulder CH
Brown sandy clay with gravel-, cobble-, and
9% boulder-sized clasts of weathered basalt.
° Slickensides dipping 45° at 24.0 ft.
Gray to brown silty clay with gravel-, cobble-, and | cH
- o boulder-sized clasts of weathered basait. Clay is
92% — — Z| fissured below 31 ft.
30 — EO' Boulder
)
40~ —
76% -z
35 —-{J
T 1=0:
62% ] —-Z
40 T-o-

L Boring terminated at 41.25 ft on 9/25/89

8 Figure A2



LOG OF BORING

4 Blows per foot
@ Moisture content

50 40 30 20

10

BORING 3

Sample

0

Surface Elevation 202.3 ft

— Depth (feet)
ithologic symbol

SOIL DESCRIPTION

usc

67%
-
9|

Core recovery

32%

43%

66%

30%

79%

100%

86%

Asphalt concrete and base course

Gray, slightly sandy, clayey silt and silty clay
with gravel- and cobble-sized clasts of
weathered basalt; moist, stiff.

MH/
CH

Gray, slightly sandy, clayey siit and silty clay with
gravel-, cobble-, and boulder-sized clasts of
weathered basalt; moist, stiff.

Boulder

MH/
CH

Boulder

Brown to gray, slightly sandy, silty clay with
gravel-, cobble-, and boulder-sized clasts of
weathered basalt. Well-developed slickensides,
dipping from 0 to 15°, in zones from 26.5 to
27.5 ft and from 31.5 to 32.5 ft.

Boulder

CH

Brown to gray, fissured, clayey silt and sandy
clayey silt with cabble- and boulder-sized clasts of
weathered basalt.

Boulder

MH

Z Boring terminated at 41.5 ft on 9/29/89

Figure A3




LOG OF BORING BOR'NG 4 Surface Elevation 230.8 ft
@ Blows per foot Sample — Depth (feet)
@ Moisture content thologi ool
0gIC sym
50 40 3 20 10 0 9c SYMBO! s o1L DESCRIPTION USC
‘I Asphalt concrete and base course
® LQ Dark brown sandy clay with coral sand and CH
gravel- and cobble-sized clasts of weathered
basalt. Fill.
4
L
&«
o P Gray and rust-brown slightly sandy clay with CH
gravel-, cobble-, and boulder-sized clasts of
% P weathered basalt; moist, stiff.
®
L 4
o
1 d
L Dark-brown to gray-brown slightly sandy clay CH
* with gravel-, cobble-, and boulder-sized clasts
Cora racovery of waathered basalt; stiff, moist.
43%
84%
Sandy below 21 ft.
94%
Boulders
Gray to brown sandy, clayey silt and silty clay MH/
. with graval-, cobble-, and boulder-sized clasts of | CH
98% weathered basalt. Steeply dipping slickensided
shear surface at 27.5 ft.
Boulder
100%
Boulders
88%
[ Boring terminated at 41.0 ft on 10/3/89

10

Figure A4




Figure AS

LOG OF BORING BORING 5 Surface Elevation 231.5 ft
L 4 Blows per foot Sample =1 —Depth (feet)
@ Moisture content Shotond ol
0l0gIC sym
50 40 30 20 10 0 oglc sy SOIL DESCRIPTION uSc
Asphalt concrete and base course
e I 1 2 Brown clayey silt with gravel- and cobble-sized MH
..30'0'5 clasts of weathered basalt. Fill.
° _ .
® 5 —{—=] Brown clayey silt with gravel- and cobble-sized MH
o T clasts of weathered basalt; stiff, moist, contains
¢+ 1 [ roots.
Water in fractures in cobble at 5.8 ft
° T —0
. . . CH/
<4 +10 Dark-brown clayey silt and silty clay with gravel-, MH
P —0---] cobble-, and boulder-sized clasts of weathered
< -+ basalt; hard, moist.
. -
> T 3]
Core recovery
708 15
4 O
— O] Cobbles
58% .
20 51
Q
80%
25 — Boulder
(2] Gray-brown, fissured, clayey silt and silty clay MH/
with gravel-, cobble-, and boulder-sized clasts of CH
64% ] O weathered basalt. Well-developed slickensides
30 in a layer having schistose structure between
| ] 26.5 and 28.5 ft.
4 —0
._o._.._
84% J Boulder
35 ~
-+ 0—
82% 2
40 %: Cobbles
L .—: ]
L Boring terminated at 41.5 ft on 10/6/89.
11




Surface Elevation 223.9 ft

LOG OF BORING (continued on next page) BORING 6
4 Blows per foot Sample — Depth (feet)
@ Moisture content thologi bol
0gIC Ssym
50 40 30 20 10 0 I-L gic sy SOIL DESCRIPTION uscC
Brown sandy clay with gravel-sized clasts of CH
weathered basatlt. Fill.
®

60

g
® Brown sandy clay with sparse gravel- and cobble- CH
o * sized clasts of weathered basalt; stiff, moist.

60% )

o lo Clay becomes gray to olive below 8 ft.
o
® *

64%

o ®
g >
o 4
L 4
1‘60 Boulder
Core recovery

100% Gray and gray-brown sandy clay with gravel-, CH
cobble-, and boulder-sized clasts of weathered
basalt; stiff, moist.

20%

Boulders

88%

Fissured gray and gray-brown sandy clay with CH
gravel-, cobble-, and boulder-sized clasts of
weathered basalt.

52% Gray and gray-brown sandy (locally very sandy) CH/
clay and clayey silt with gravel-, cobble-, and MH
boulder-sized clasts of weathered basalt.

88%

52%

Cobbles

44%

12

Figure A6a




LOG OF BORING BORING 6 (continued)
4 Blows per foot Sample — Depth (feet)
@ Moisture content thologi bol
50 I'L't 01091¢ SYMYOl s 01L DESCRIPTION usc

40 30 20 10 0

Core recovery

80%

Boulder

od

Z Boring terminated at 50.0 ft on 10/11/89,

13

Figure A6b




LOG OF BORING

€ Blows per foot
@ Moisture content

BORING 7

Sample

Surface Elevation 294.6 ft

Depth (feet)
ithologic symbol

59 40 30 20 10 0 SOIL DESCRIPTION usc
J Asphalt concrete and base course.
% Brown clayey silt with gravel- and cobble-sized MH
o clasts of basalt and fragments of brick. Fill.
VS [
65 .
J Dark-brown sandy, clayey silt with gravel-, MH
40.5' cobble-, and boulder-sized clasts of weathered
Core recovery gishalt; hard. Basalt clasts less abundant below
91%
70%
86%
34%
26%
26%
Woeathered gray basalt with thin seam of brown silt
at 40.0 ft.
92%
40
Z— Boring terminated at 41.0 ft on 10/17/89

14

Figure A7.




LOG OF BORING BORING 8 Surface Elevation 325.2 feet

9 Biows per foot Sample — Depth (feet)
@ Moisture content

ithologic symbol
50 40 30 20 10 0 I'L 9 Y soIL DESCRIPTION USC
Brown, sandy, clayey silt with gravel- and MH
o cobble-sized clasts of weathered basalt as well as
° y:O.S' < fragments of brick and wood; stiff, moist. Fill.
o
o 4
®
L 2
MH/
30:0.5' 'S
> o° CH
Boulder
Core recovery

Brown, sandy, clayey silt and silty clay with

449 gravel-, cobble-, and boulder-sized fragments of

° weathered basalt; hard, moist.

64%

28%

80%
Boulders

84%
Boulders

60%
Boulder

/Boring terminated at 41.0 ft on 10/19/89

15 Figure AS8.



LOG OF BORING BORING 9 Surface Elevation 324.0 ft

@ Blows per foot Sample — Depth (feet)
@ Moisture content

ithologic symbol
50 40 30 20 10 0 |"' 91¢ SYM SoIL DESCRIPTION usc
19:0.5' Brown, sandy, clayey silt with gravel- and MH
o N o cobble-sized clasts of weathered basalt; stiff,
o moist. Fill.
d .
o Brown, sandy, clayey silt and silty clay with
* gravel-, cobble-, and boulder-sized clasts of MH/
weathered basalt; stiff, moist. CH
61% e
60% .
60 p ¢
{ ]
* L 2
60% PY
[ ]
L 2
Core recovery Boulder
65%
22%
36%
60% Boulders
36%
Boulders
76%
L L
Boring terminated at 41.0 ft on 10/23/89.

16 Figure A9.



LOG OF BORING (continued on next page) BORING 10 Surtace Elevation approx. 336 ft

4 Blows per foot Sample =1 —Depth (feet)
@ Moisture content
ithologic symbol

50 40 30 20 10 0 SOIL DESCRIPTION usc
Asphalt concrete and base course
¢ Brown, clayey silt and sandy clayey silt with MH
* PY gravel- and cobble-sized clasts of weathered
basalt as well as man-made materials; hard,
X 4 moist. Fill
L
) ¢
® Mottled gray to dark-brown sandy clay and CH/
> clayey silt with gravel-, cobble-, and MH
boulder-sized clasts of weathered basalt; stiff,
Core recovery moist.
100% Boulder
20%
Boulders
62%
44%
Boulders
80%
88%
Fissured, brown, silty clay with gravel-, cobble-, CH
and boulder-sized clasts of weathered basalt.
46%
67% Cobbles

17 Figure AlQa




LOG OF BORING

BORING 10 continued

4 Blows per foot Sample — Depth (feet)
@® Moisture content tholodi bol
OgIC sym
50 4 30 20 10 0 |'L 916 Sy soIL DESCRIPTION USC
[ I T1 FO ]
-OD“ Cobbles

Core recovery

0%

50

- o — -

L Boring terminiated at 48.5 ft on 10/27/89

18

Figure AlQb.




LOG OF BORING

4 Blows per foot
@ Moisture content

40 30 20

BORING 11

Sample

10 0

Surface Elevation 334.5 ft

— Depth (feet)

o |
ithologic symbol | HESCRIPTION

uSC

30:0.5'
2

32:0.8'
| 2

Core recovery
100%

26%

10%

58%

67%

Asphalt concrete and base course

Dark-brown clay and sandy clay with
gravel-sized clasts of weathered basalt; stiff,
moist.

CH

Gray to brown, slightly sandy, clayey silt and silty

clay with gravel-sized clasts of weathered basalt;

stiff, moist.

MH/
CH

Boulders

Brown to gray, fissured, sandy to slightly sandy
clay with gravel-, cobble-, and boulder-sized
clasts of weathered basalt.

Steeply dipping slickensides in zone from 27
to 30 it.

Dry, hard

Cobbles

CH/
MH

L Boring terminated at 41.5 ft on 11/2/89.

19

Figure All.




L

T40 —

Brown, sandy, clayey silt with gravel, cobble-,
and boulder-sized clasts of weathered basalt;
hard, dry.

Numerous cobblas in interval from 30 to 40 ft.

LOG OF BORING BORING 12 Surface Elevation 250.9 ft
@ Blows per foot —— Depth (feet)
@ Moisture content holoi bol
0I0gIC sym
30 10 |'L 00 SYME% SoIL DESCRIPTION USC
Brown, sandy, clayey silt with gravel- and MH
cobble-sized clasts of weathered basait, contains
I some roots and other organic matter. Fill.
Gray sandy clay with rust-orange pockets of CH
sand and gravel-, cobble-, and boulder-sized
clasts of weathered basalt; stiff, moist.
L 4
Brown, sandy, claysy silt with gravel-, cobble- MH
19:05' | ® and boulder-sized clasts of weathered basalt;
:0. i ist.
PP . stiff, moist
] Boulder
¢ Gray, slightly sandy clay with gravel- and cobble- CH
sized clasts of weathered basal; stiff, moist. Clay
7S is brown below 21 ft.
L 4
L
MH

Boring terminated at 40.5 ft on 11/6/89

20

Figure Al2.




LOG OF BORING BORING 13 Surface Elevation 250.2 ft
4 Blows per foot Sample — Depth (feet)
@ Moisture content tholos o
Ithoiogic sym
50 40 30 20 10 0 r. 9ic sy SOIL DESCRIPTION usc
Brown, sandy, clayey silt with gravel- and MH
boulder-sized clasts of weathered basalt. Fill.
Boulder
75%
|
2
Brown, sandy, clayey silt and silty clay with MH/
gravel-, cobble-, and boulder-sized clasts of CH
L 2 weathered basait; hard, moist. Abundant cobbles
21:0.0° below 15 ft.
@
@
L 4 Boulder
[
@
L 2
o
®l o
@
'S o
61:0.5'
> ®
Boulders
and cobbles
Boring terminated at 40.0 ft on 11/7/89

21

Figure Al3.




LOG OF BOR'NG BOR'NG 14 Surface Elevation 284.2 ft
@ Biows per foot Sample — Depth (feet)
@® Moisture content tholoal ol
ologic symbo
50 40 30 20 10 0 ,-L gic ¥ SOIL DESCRIPTION usc
1{-0'3 Loose gravel with clayey matrix. Fill. GP/
o 5 ac
To o= -
o]
o< ]
°q)
[0 =]
- 5 -1-0 -0
e . Brown to gray, sandy to slightly sandy, organic OH
¢ * [~ clay with gravel-, cobble-, and boulder-sized clasts
P of weathered basalt; moist, stiff.
b
. P T
@ o .} _JC)-_
66
> P L
. I
LY :
— v
.'L 505 I 15 - = =  Gray-brown, fissured clay with gravel-, cobble-, CH
< = and boulder-sized clasts of weathered basalt;
T - =] moist, hard. Clay is locally sandy. Slickensides
+ - o ] inintervals from 15 to 16 ft, 19.5 to 20 ft, and 29 to
F = Z]30f1t. Slickensides in interval from 19.5 to 20.0 ft
® ~ ~ Z 1 are well developed and dip from 0 to 15°.
o IZO | puuih
L TS C -2 ]
C o]
. =5
o ® 0 :[25 TEo:o
T-Z]
y Mg
Fd
® Fz:]
30 —Fo:7]
L > oo
A
S
35—t =]
o .1 0:0.5 T ‘:_-_-'
1 Boulder CH
Brown sandy clay with gravel-, cobble-, and
7] boulder-sized clasts of weathered basalt; dry
‘32:0.5‘ ® q hard.
[ Boring terminated at 40.5 ft on 11/22/89.
E

22 Figure Al4.,



L’38:0.5‘ ‘

52:0.5'

34:0.2'

bottom of interval, with gravel-, cobble-, and
boulder-sized clasts of weathered basalt; hard,

dry.

LOG OF BORING (continued on next page) BORING 15 Surface Elevation 245.4 ft
4 Blows per foot Sample — Depth (feet)
@® Moisture content tholoai bol
010gIC sym
50 40 30 20 10 0 I-L oglc sy SOIL DESCRIPTION usc
- - Brown clay and clayey slit with gravel- and CH/
cobble-sized clasts of weathered basalt; dry, hard. | MH
68 1
0:0.5'
Boulder CH/
L Gray to brown silty clay and sandy clayey silt with MH
o gravel-, cobble-, and boulder-sized clasts of
P weathered basalt; stiff, moist. Clay locally
o fissured between 18 and 32 ft. Well-developed
slickensides dipping from 01to 15° in interval
¢ from 24.5 to 25.0 ft.
[ 4 .
Ground water at approximately 13 ft
63% \¢
;2:0.5'
|
d Boulder
83%
o
L 2
Boulders
J 0:0.5’
Gray to brown, sandy, clayey silt, fissured at MH

Figure Al5a.




LOG OF BORING

BORING 15 continued

4 Blows per foot Sample — — Depth (feet)
@ Moisture content itholoai bol
hologic sym
50 40 30 20 10 0 I-L 9iC sy SOIL DESCRIPTION USC

33:0.2| @

Boulders and cobbles

Z-Boring terminated at 50.8 ft on 11/27/90.

24

Figure Al5b.




LOG OF BORING
4 Blows per foot

@ Moisture content

BORING 16

Sample

Surtace Elevation 247.5 #t

— Depth (feet)
ithologic symbol

50 40 30 20 10 0 SOIL DESCRIPTION usC
Asphalt concrete and base course
° Brown to gray, sandy, silty clay and clayey silt CH/
¢ with gravel-, cobble-, and boulder-sized clasts of MH
weathered basalt; stiff, moist.
89%
L J
L |
L 4
L 4
o!
®
hy IS
‘47:0.5'
Boulders
o
L 2
|
1042:0'6‘ ®
Boulders
@ . .
Dark-gray to brown, sandy, clayey silt and silty MH
L clay with gravel-, cobble-, and boulder-sized
clasts of weathered basalt; hard, moist.
Boulder
L
Boulders
Refusal
Z Boring terminated at 40.5 ft on 11/28/90

25
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LOG OF BORING BORING 17 Surtace Elevation approx. 321 ft

4 Blows per foot Sample

— Depth (feet
@ Moisture content pth (feet)

ithologic symbol

50 40 30 20 10 0 SOIL DESCRIPTION uUsc
Asphalt concrete and base course
Red-brown to brown sandy, clayey silt with GC/
abundant gravel-, cobble-, and boulder-sized MH
d 13:0.5' clasts of weathered basalt; hard, moist.
L 2
L
‘b
L
P o
14:0.2'
L
o
} 3
4
@
$|11:05'
Boulders
L
® Gray to brown, fissured, slightly sandy clay with CH
¢ gravel- , cobble-, and boulder-sized clasts of
weathered basalt. Slickenslides dipping approx .
45° at 39 ft.
o
° >
[Boring terminated at 42.0 ft on 11/30/89.

26 Figure Al7



Surface Elevation 297.5 ft

LOG OF BORING BORING 18
@ Blows per foot Sample —— Depth (feet)
@ Moisture content tholoai ol
0I0gIC Sym
50 40 30 20 10 0 |'L 91¢ SYMPO! SolIL DESCRIPTION usc
X \, Concrete slab
Brown, sandy, clayey siit with gravel- and MH/
cobble-sized clasts of weathered basalt. Gravel GC
abundant at base of interval. Fill.
e ) 4
2
Y Brown to gray slightly sandy clay with gravel-, CH/
'3 cobble-, and boulder-sized clasts of weathered OH
basalt; stiff to hard, moist.
o
L 2
‘10:0.2' '
e
¢ 0
o
® d Slickensides dipping from 10 to 15° at 22.5 ft.
25:0.4’ ®
\d o MH
Brown, sandy, clayey siit with gravel-, cobble-
and boulder-sized clasts of weathered basatt;
hard, moist.
42:0.5' \
73 o
Boulders
o
59 g Brown-gray fissured sandy clay with gravel-sized CH
g o clasts of weathered basalt; hard, moist.
Brown, sandy, clayey slit and organic silty clay OH/
with gravel-, cobble-, and boulder-sized clasts of MH
weathered basalt; dry, hard.
70:0.5' o
4
Boring terminated at 44.3 ft on 12/1/89.
P84:0.8' K
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LOG OF BORING BORING 19 Surface Elevation 207.8 ft

4 Blows per foot Sample — Depth (feet)

@ Moisture content ) )
l—thhoIoglc symbol

50 40 30 20 10 0 SOIL DESCRIPTION USC

Brown, sandy, clayey silt with gravel- and MH
cobble-sized clasts of weathered basalt. Layers
of coral sand at 2.0 and 4.0 ft. Fill.

Boring encountered water between 1.5 and 3.5 ft.

Boulder CH/
MH

Brown to gray, sandy to slightly sandy, silty clay
and clayey silt with gravel-, cobble-, and
boulder-sized clasts of weathered basalt; hard,
moist.

60%

o 10:0.5'
L

Gray-brown fissured clay with gravel-, cobble-, CH
- = -1 and boulder-sized clasts of weathered basalt; stiff,
1 - -1 moist. Slickensides dipping from 10 to 20° at

C227 3101

bkl

A

- - -

o 130 “Fa7]

e - —
[ SR
o - -

e
- - -

35—

Z— Boring terminated at 35.3 ft on 12/4/89

40 7

28 Figure Al9.



Core recovery

100%

100%

100%

LOG OF BORING (continued on next page) BORING 20 Surface Elevation 313.0 f
4 Blows per foot Sample ‘ Depth (feet)
@ Moisture content hol .
ithologic sym
50 40 30 20 10 0 I—L oglc sy SOIL DESCRIPTION usc
Brown to gray, sandy, clayey silt and slity clay MH
® with gravel- and cobble-sized clasts of coral and
® weathered basalt; stiff, moist. Fill.
L
L
L 4
®
‘29:0.5' ¢
Brown, sandy organic clay with gravel-, cobble-, CH/
and boulder-sized clasts of weathered basatt, stiff, | OH
moist. Hard and dry below 23 ft.
L
L 4
|
o
L 4
®
4
.0 @
b43.0.5 PY
17:0.5'
4 o

Woeathered, vesicular basalt.

Figure .A20a.




LOG OF BORING

BORING 20, continued

9 Blows per foot Sample [ Depth (feet)
@® Moisture content Hholoai bol
0l0gIC sym
50 40 3 20 10 0 9¢ SYMYO s 01L DESCRIPTION uSsc
Cor; reoover;( A4
100%
-+50 Z
Boring terminated at 50.0 ft on 12/6/89.
<
30 Figure A20b.




APPENDIX B
Laboratory test resuits

This appendix contains a table (table B1) of engineering properties
determined for samples tested thus far in our laboratory, a soil plasticity chart
(fig. B1), and graphs (figs B2, ..., B7) showing results of direct-shear tests on
the samples. Grain-size distributions were determined by standard methods of
sieving and hydrometer analysis. Atterberg limits were determined by
standard methods on materials that were air-dried prior to testing. Grain
density was determined by means of a pycnometer using standard methods.

Residual strength tests were performed in a direct-shear device using
remolded samples having pre-cut shear surfaces. Each sample was tested at
normal loads of 720, 1440, and 3600 Ibf/ft2. Before testing, the samples were
sieved to remove particles coarser than medium sand. Sufficient moisture was
added to the material to bring it to the plastic limit, and it was compacted into a
2.5-in.-diameter frame. Each sample was consolidated at twice the normal load
used to measure the shear strength. After consolidation was complete, the
shear plane was cut with a wire while the sample was under the normal load.
Each sample was sheared in forward and reverse cycles to a total displacement
of 60 mm in order to develop the shear surface and reduce the strength to its
residual value. Each sample was then sheared at a rate of 0.12 or 0.024 mm/min
for a distance of 9 mm to determine the residual strength. The rate of shear
was increased by a factor of three and then reduced by a factor of 10 to check
for the development of pore pressures during the test.

Our laboratory uses SI (meter/kilogram/second) units. The following
table of conversion factors can be used to convert the test results to
engineering (foot/pound/second) units:

To convert from to multiply by
m ft 3.281
m?2 ft2 10.76
mm in. 0.0394
mm/min. in./min. 0.0394
kN Ib 224.8
kPa 1b/ft2 20.89
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Plasticity chart for soil samples from the Alani-Paty landslide

Figure Bl
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APPENDIX C ;
Subsurface Instrumentation

This appendix contains a table listing the instrumentation installed in the
borings (table C1), a table listing estimated thickness of the landslide (table
C2), graphs of water levels in our piezometers (figs. Cl1, ..., C11), and graphs of
inclinometer measurements (figs. C12, .., C17). A completion diagram for
boring 4 shows schematically how the piezometers and anchored cables were
installed (fig. C18).

Each piezometer consists of 1-in.-nominal diameter PVC pipe with a 6-in.-
long porous tip. The tip is embedded in a column of coral sand 2 to 3 ft high
and sealed above and below with columns of bentonite 2 to 3 ft high. Water
levels were measured by means of a probe lowered from the surface down the
PVC pipe. Measurements were made approximately weekly.

Anchored cables consist of a 5/16-in.-diameter wire rope connected to a
short section of steel pipe that is capped at both ends and filled with shot. The
pipe anchor was lowered to the bottom of the hole, presumed to be below the
basal slip surface of the landslide. Back-fill materials placed in the boring
hold the anchored end of the cable in place so that the cable is pulled down the
hole as sliding occurs. A length of the cable was left protruding from the
ground surface and movement is detected by repeatedly measuring the length
of the protruding cable.

Depth of the failure surface was estimated from the locations of bends in
many of the deep piezometer pipes. The bends were located by lowering
sections of metal tubing (nominal 1/2-in.-diameter galvanized electrical
conduit), suspended from nylon fishing line, down the piezometers and
measuring the depths where the sections stopped. We used sections of tubing
6, 12 and 18 in. long to locate the bends; the different lengths were used to
estimate how sharp the bends were. The estimated depths reported in the
appendix are accurate to about +2 ft, or better. OQur confidence in the
measurements will increase if movement occurs in the coming year and
sharpens the bends in the pipes.

Holes for inclinometer measurements were cased with ABS (acrylonitrile-
-butadiene-styrene) tubing having special groves to align the inclinometer
probe. The casing was secured in the holes by pouring grout down the
annular space between the sides of the hole and outside of the casing. The
cased holes are surveyed approximately monthly according to standard
methods using an inclinometer probe. The algebraic signs of the deflections
indicated in the graphs follow the convention that positive deflection on the A
axis is upslope and negative is downslope; positive deflection on the B-axis is to
the left of an observer looking downslope and negative is to the right.
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Table Cl. Summary of depths of instruments in USGS borings
in the Alani-Paty landslide

Boring # Depth Instrument Depth Comments
(feet) (feet)
1 41.3
piezometer 13.2
piezometer 25.5
anchor 27.8
3 41.5
piezometer 5.0
piezometer 30.0
anchor 36.3
4 41.0
piezometer 20.2
piezometer 39.5 dry
anchor 39.9
5 41.5
piezometer 5.7
piezometer 34.4 dry
anchor 38.0
6 50.0
inclinometer 47.6 (depth of lowest
measurement)
7 41.0
piezometer 8.0 dry
piezometer 37.3
8 41.0
piezometer 12.0
piezometer 35.1
anchor 40.2
9 41.0
piezometer 8.6
piezometer 25.1
anchor 41.0
10 48.5
inclinometer 47.6
11 41.5
neutron probe 40.0
12 40.5
piezometer 18.0 flooded
piezometer 35.8 flooded
anchor 39.9
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Boring #

13

14

15

16

17

18

19

19x

20

Depth
(feet)

40

40.

50.

40.

42,

44,

35.

50.

.0

Table Cl. (continued)

Instrument Depth
(feet)

plezometer 12.0
piezometer 32.1
anchor 37.5
piezometer 9.4
piezometer 21.9
pilezometer 38.2
inclinometer 49.2
piezometer 15.4
piezometer 20.7
piezometer 36.7
neutron probe 40.0
neutron probe 40.0
piezometer 14.4
piezometer 31.8
anchor 35.3
piezometer 5.4
piezometer 9.5
piezometer 21.5
piezometer 30.0
anchor 40.0

42

Comments

dry

dry

dry

dry



Table Cl. (continued)
INCLINED BORINGS

These borings were made by PR Drilling Co., Inc., for STV/Lyon
Associates, to determine the distance to bedrock. STV/Lyon had no plans
to instrument the holes, so we plugged the holes at shallow or
intermediate depths and installed open-tube piezometers. Depths in the
table below indicate slope distances down the borings, which slope 40°
from the horizontal.

Boring # Depth Instrument Depth Comments
(feet) (feet)
100 15.0
piezometer 10.1
103 80.0
piezometer 5.8 dry
piezometer 56.0 dry
108 19.8
piezometer 19.4 dry
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Table C2. Approximate thickness of the Alani-Paty landslide

Boring # , Thickness
(feet)
1 21
3 27
4 28
5 29
6 (inclinometer, see graph) --

9 >24.5

10 (inclinometer, see graph)

11 --
12 33(D)
13 27
14 20

15 (inclinometer, see graph) 26

44

Remarks

Sliding not observed; in
area between mapped
boundaries of the
Alani-Paty and Hulu-
Woolsey landslides.

Outside mapped
boundaries of landslide.

Outside mapped
boundaries of landslide.

Sliding not observed; in
area of suspected
incipient movement.

Casing not sufficiently
bent to determine depth
of sliding.

Uncertain, presumed
bend is near bottom of
piezometer pipe.

In area of incipient
movement outside
mapped boundaries of
landslide.



Table C2. (continued)

Boring # , Depth of sliding Remarks
(feet)

16 -- In area of incipient
movement outside
mapped boundaries of
landslide; pipe not
sufficiently bent to
determine depth of

sliding.
17 -- outside mapped
boundaries of landslide.
18 -- casing not sufficiently
bent to determine depth
of sliding.
19 13
20 23
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Depth to water, in feet

Depth to water, in feet

Figure C1. Piezometers in boring 1

300 400

Time, in days; day 1 is January 1, 1989

Figure C2. Piezometers in boring 3

500

5.t
. ~Oc,
‘a ‘!’D'D((lqtu s
- EHEATHEEHETE

T v

300 400

Time, in days; day 1 is January 1, 1989
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500

Depth of piezometer tip

—— 1321t
—e— 2551t

Depth of piezometer tip

—_—f— 501t
—e—— 30.0ft



Depth to water, in feet

Depth to water, in feet

Figure C3. Piezometers in borings 4 and 5

W‘\/‘

Depth of piezometer tip

—o— #4,20.21
—— #5,5.7ft

T ¥ T ¥
300 400 500

Time, in days; day 1 is January 1, 1989

Figure C4. Piezometer in boring 7

—_ No data <
Depth of piezometer tip

—o— 37.3 ft

{ort™s [

T y T Y
300 400 500

Time, in days; day 1 is January 1, 1989
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Depth to water, in feet

Depth to water, in feet

Figure C5. Piezometers in boring 8

-10 4

-20 -

-30 -

a

)
tof ctaico Ogn0,y10,00 a 1o CEEHE

Dry Dry

Dry Dry

-40
200

i 1}
300 400

Time, in days; day 1 is January 1, 1989

Figure C6. Piezometers in boring 9

500

T

T v
300 400

Time, in days; day 1 is January 1, 1989
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500

Depth of piezometer tip

—a— 1201t
—— 3511t

Depth of piezometer tip

—&— 8.6t
—— 2511t



Depth to water, in feet

Depth to water, in feet

Figure C7. Piezometers in borings 13 and 14

Dry

300

Time, in days; day 1 is January 1, 1989

Figure C8. Piezometers in boring 16

T
400

500

Dry

T
300

Time, in days; day 1 is January 1, 1989

T
400
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500

Depth of piezometer tip

—8— #13,12.0t
——  #14,21.91t

Depth of piezometer tip

—a— 154t
—e— 20.7 1t



Depth to water, in feet

Depth to water, in feet

Figure C9. Piezometers in borings 19 and 19x

T T Y —T

300 400

Time, in days; day 1 is January 1, 1989

Figure C10. Piezometers in boring 20

500

T v T
300 400

Time, in days; day 1 is January 1, 1989
50

500

Depth of piezometer tip

—0— #19,14.8 1t
——  #19x, 541t

Depth of piezometer tip

—a— 215ft

_.—

951t



Depth to water, in feet

Figure C11. Piezometer in inclined boring 100

Note: Depth to water has
NOT been corrected for
inclination of the boring.

Y T Y T

300 400 500

Time, in days; day 1 is January 1, 1989

pavement
[.

piezometer tip
N
"\ ¢«—porous zone

boring backfilled with bentonite
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Depth of piezometer tip
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10.1 ft
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Figure C18. Sketch showing installation of instruments in boring 4
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APPENDIX D
Measurement of Precipitation

This appendix contains graphs of daily rainfall at 3102 Alani Drive, in the
head of the landslide (figs. D1, ..., D8 and fig. 2). A tipping-bucket rain gauge

at this site is monitored continuously by a datalogger that records 15-minute
and daily increments of rainfall.
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Rainfall, in inches

Rainfall, in inches

Figure DIl

. Daily rainfall during September 1989
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Rainfall, in inches

Rainfall, in inches

Figure D3. Daily rainfall during November 1989
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Figure D4. Daily rainfall during December, 1989
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Rainfall, in inches

Rainfall, in inches

Daily rainfall during January 1990
Figure D5.
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Figure D6. Daily rainfall during February 1990
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Rainfall, in inches

Rainfall, in inches

Figure D7. Daily rainfall during March 1990
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Figure D8. Daily rainfall during April 1990
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APPENDIX E
Displacement of the "landslide

This appendix contains a graph of cumulative displacement from September
1989 through April 1990, superimposed on a graph of cumulative rainfall (fig.
E1l), a detailed graph of displacement and rainfall during January 1990 (fig.
E2), and a map showing crude estimates of total displacement measured in
April 1989 (Baum and others, 1989) and 1990 (fig. E3).

We monitored displacement at the head of the landslide (fig. 2) by means
of a simple extensometer consisting of a digital recorder and a wire cable. The
recorder was anchored to a wall upslope from the headscarp of the landslide,
on non-moving ground. The wire cable was attached to the trunk of a large
tree growing on the head of the landslide. The cable causes a wheel on the
recorder to turn as the distance between the tree and the recorder changes.
The recorder mechanism keeps track of position by counting the revolutions
of the wheel from an arbitrary zero position. The mechanism records the
current position of the wheel once every 15 minutes. Later, in the office, the
recorded changes in the position of the wheel are converted back into
displacements.

We used monthly surveys to check the displacement recorded by the
extensometer. Using tape and level, we measured the distance from a point on
the wall where the recorder was anchored to two points on the tree where the
cable was attached. Our surveys indicate that cumulative displacement from
September 13, 1989, to April 27, 1990, ranges from 0.35 to 0.41 ft. Displacement
determined by the surveys is slightly greater than the displacement of 0.33 ft
recorded by the extensometer for the period from September 25, 1989 to April
30, 1990. The surveys indicate displacement ranging from 0.12 to 0.22 ft
between December 13, 1989, and February 7, 1990. The extensometer recorded
0.22 ft of displacement during the same period, which includes the
questionable movement recorded from January 23 to January 29, 1990.

We made crude estimates of total displacement by measuring offsets of
curbs and walls where they cross the lateral boundaries of the landslide. We
measured the offsets by standing on one side of the boundary and sighting
along a curb or wall on the opposite side. We then measured the perpendicular
distance from the wall or curb on our side of the boundary to the projection of
the wall or curb on the opposite side. Precision of the measurements varies
from site to site, but averages about + 0.5 ft.
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Rainfall, in inches

Figure E2. Daily increments rainfall and cumulative displacement
at the head of the Alani-Paty landslide during January 1990
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Figure E3. Map showing lateral offsets of curbs and stone walls at boundaries
of the Alani-Paty landslide. Base (map of landslide boundaries)

" from Baum and others (1989).
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